Abstract-Shape is one of the main features in content based image retrieval (CBIR). This paper proposes a new shape signature. In this technique, features of each shape are extracted based on four sides of the rectangle that covers the shape. The proposed technique is Fourier based and it is invariant to translation, scaling and rotation. The retrieval performance between some commonly used Fourier based signatures and the proposed four sides distance (FSD) signature has been tested using MPEG-7 database. Experimental results are shown that the FSD signature has better performance compared with those signatures.
INTRODUCTION
Because of the increasing amount of digital images and necessity of efficient image retrieval systems, content based image retrieval (CBIR) systems was introduced in the early 1990's [1] . CBIR systems do not have the problems of traditional text based image retrieval (TBIR) systems. In CBIR systems, users' requests are in form of a query image and images are retrieved based on visual contents (features) of images [2] . Color, texture and shape are the main low-level features for CBIR. A block diagram of CBIR systems is shown in Fig. 1 . In CBIR systems, a feature vector of each image is extracted based on one or a mixture of those low-level features. Then, the similarity distance between the feature vector of the query image and the feature vectors of the database's images are measured. Finally, system retrieves similar images to the query based on their similarity values.
In this paper, a new content based image retrieval technique using shape feature is proposed. The proposed shape signature uses the distances between a shape and four sides of the rectangle that covers it.
The rest of the paper is organized as follows: Section II is related works. The proposed signature is presented in Section III. The experimental results are studied in Section IV and Section V is conclusion.
II. RELATED WORKS
Shape is the most important feature for recognition of objects in an image [3] . There are two classes of techniques in shape based retrieval systems. Region based techniques and boundary based techniques. A region based technique uses whole shape region but a boundary based technique only uses boundary points of shapes in feature vector extraction.
Region based techniques often involve intensive computations and fail to distinguish between objects that are similar [4] . Thus boundary based techniques are more efficient than region based techniques. Several number of techniques have presented that are based on boundary of shapes.
One important class of boundary based techniques is Fourier descriptors (FD). In the FD methods, the Fourier transformed boundary is used as a shape feature [5] . The discrete Fourier transform of a signature r(t) is computed as (1).
The a n coefficients are called the Fourier descriptors of the shape. They should be used as (2) to be invariant against translation, scaling and rotation of images.
Some commonly used Fourier based signatures that are used in our experiments, are polar coordinate (PC), complex coordinate (CC), angular radial coordinate (ARC), angular function (AF), triangle area representation (TAR) and chord length distance (CLD). 
A. Polar Coordinate (PC)
The feature vector of this signature at each boundary point (x t ,y t ) is a complex number. The real part is the distance between the point and the centroid (x c ,y c ) of the shape. It is computed as (3) . The complex part is the angle between radial and x axis [8] . See Fig. 2(a) . Equation (4) is the feature vector of this descriptor.
B. Complex Coordinate (CC)
The feature vector of this signature at each boundary point (x t ,y t ) is a complex number. The real part is (x t -x c ) and the complex part is (y t -y c ) [7] . See Fig. 2(b) . Equation (5) is the feature vector of this descriptor.
C. Angular Function (AF)
This signature considers the changes of directions for some boundary points of a shape (with s step) [4] . The feature vector of this descriptor is computed as (6) . See Fig. 2 (c).
D. Angular RadialCoordinate (ARC)
The feature vector of this signature at each boundary point is a complex number that the real part is radial and the complex part is same as the AF signature [8] . See Fig.  2(d) . Equation (7) is the feature vector of this descriptor.
E. Triangle Area Representation (TAR)
The feature vector of this signature is the area formed by each sequential three boundary points of a shape. It distinguishes between concave and convex regions [9] . See Fig. 2(e) .
F. Chord Length Distance (CLD)
In this signature, the feature vector at each boundary point p is the distance between that point and another boundary point q, such that pq be a vertical line to the tangent vector at p [10] . See Fig. 2(f) .
III. THE PROPOSED SIGNATURE
In this section, a new shape signature is proposed. It is a boundary based approach.
In the first stage, the rectangle that covers a shape is obtained. Then, N points on the shape's boundary are considered. These selected points should have a same distance with each other. In the most important phase of the feature extraction, four values for each one of the selected boundary points are obtained. These four values for each point are defined as: -The distance between the boundary point and the opposite point of it at the top side of the rectangle. This is the first element of this point in feature vector and it is called dTop.
-The distance between the boundary point and the opposite point of it at the right side of the rectangle. This is the second element of this point in feature vector and it is called dRight.
-The distance between the boundary point and the opposite point of it at the bottom side of the rectangle. This is the third element of this point in feature vector and it is called dBottom.
-The distance between the boundary point and the opposite point of it at the left side of the rectangle. This is the fourth element of this point in feature vector and it is called dLeft.
Therefore, the size of the proposed method is 4N. This signature is called four side distance (FSD). The feature vector for the t th point of the FSD is computed as (8) .
The feature extraction process is displayed in Fig. 3 . The original shape is shown in Fig. 3(a) . Fig. 3(b) shows the shape and the rectangle that covers it. It also shows that how to compute four values for one of the boundary points of the shape. A proper shape retrieval signature should be invariant against translation, scaling and rotation of the shape. The FSD signature is translation invariant. It uses the smallest rectangle that covers the shape. Extraction of this rectangle is independent from the translation of the shape.
A. Scale Normalization
For normalization of the FSD signature against scale, the obtained distances should be normalized. If a distance is from the length side of the rectangle, we should divide it to the width of the rectangle (W). If a distance is from the width side of the rectangle, we should divide it to the length of the rectangle (L). Therefore, the feature vector of the FSD for t th point changes as (9) .
B. Rotation Normalization
The FSD signature is rotation invariant by using the magnitude values of the descriptor and ignoring the phase information. Therefore, the Fourier coefficients of the FSD signature are calculated as (10). 
IV. EXPERIMENTAL RESULTS
For performance measurement and comparing the proposed technique with other commonly used shape signatures, we use part B of the MPEG7 database [11] . It consists of 1400 images that are classified into 70 classes. Each class has 20 similar images. Fig. 5 shows some samples of this database. All the 1400 shapes in the database are used as queries in our experiments.
Euclidean distance has been used for similarity measurement. The retrieval performance is measured in terms of precision and recall. Precision measures the retrieval accuracy, whereas recall measures the capability to retrieve relevant items from the database [12] . They are calculated as (11) and (12), respectively. Some samples of retrieved images based on the FSD signature are shown in Fig. 6 . These shapes are in MPEG-7 database. Based on these retrieval shapes, it is clears that the FSD signature is not sensitive against translation, scale and rotation. Table 1 shows the average of precision for low and high levels of recalls (recall ≤ 50% and recall > 50%) for the FSD signature and seven well-known signatures. It is clear that the performance of the FSD signature is higher than them. For better comparison, Fig. 7 shows the precision-recall curves of the proposed FSD method and two of those shape signatures (CC and CLD). It is obvious that the precision-recall curve of the FSD method is higher than the CLD and CC signatures. It is concluded that, the proposed method has a good performance in comparison with some of well-known shape signatures. 
V. CONCLUSION
One of the important low-level features in content-based image retrieval is shape. This paper proposed a new CBIR system based on shape feature. This is based on boundary points of shapes. The four sides of the rectangle that covers a shape are considered. Then some points on the surface of the shape, is selected. The distances between the points on the shape's boundary and four sides of the rectangle, are computed as feature vector. The proposed method that is called four side distance (FSD) is a Fourier based descriptor and it is not sensitive to translation, scaling and rotation. The proposed FSD signature is compared with six commonly used Fourier based descriptors (CC, PC, AF, ARC, TAR and CLD). Experimental results are shown that the average of precision for low and high levels of recall for the FSD signature is higher than those commonly used signatures.
